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Abstract

Kaposi’s sarcoma (KS) is a multicentric tumor that most frequently involves the skin but can involve
other tissues as well. Clinicians treating patients with KS or conducting clinical trials in this disease
can benefit from imaging studies to document the extent of disease, to document changes with
therapy, and to assess the extent of visceral and lymphatic involvement. A number of conventional
techniques can be of use in meeting these needs, such as conventional light photography to assess
skin or mucosal lesions, computerized tomography of the chest to assess pulmonary disease, and
magnetic resonance imaging. In addition, a number of techniques are being developed with the goals
of providing improved differentiation of KS from other diseases or providing information about the
degree of angiogenesis in the lesions and other physiologic factors. We present here an overview of
both established and experimental modalities of imaging in KS.

1. Introduction

Kaposi’s sarcoma (KS) differs from most other tumors in a number of important ways, and the
needs and tools available for imaging differ as well. The goals of radiographic imaging for any
tumor vary depending on whether imaging is performed to initially stage a malignant disease
process or follow response to therapy. In the case of KS, precise staging and documenting
every tumor site is often less important than in other malignancies because the disease is driven
by a virus and is multifocal, and because the benefits of staging need to be balanced against
the patient risks involved. Moreover, in KS perhaps more than other tumors, consideration is
given to techniques that may provide a quantification of the disease burden on the skin and an
assessment of functional angiogenic properties of the lesions.

The majority of KS patients present with skin disease alone. However certain KS subtypes,
particularly endemic KS and AIDS-related KS, are associated with extra-cutaneous spread and
visceral involvement. Detailed knowledge of the expected sites of involvement is imperative
to accurately stage the patient. Patients presenting with skin disease alone may often have
multiple irregularly shaped lesions with varying degrees of nodularity, making accurate
quantitation of the extent of tumor involvement difficult. Thus, as will be described below,
several techniques have been explored to enable clinicians to better measure the extent of
disease. In this chapter, imaging techniques commonly used in patients with KS will be
described. In addition, several novel imaging techniques under development will be discussed.
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2. Staging in KS

21

There are a variety of different staging systems in use for KS, and these present a significant
challenge in assessing new therapies and comparing them to the published literature. The
system most frequently utilized today is the AIDS Clinical Trial Group (ACTG) staging system
for AIDS-related KS (AIDS-KS) that was originally defined in 1988 (1). It was devised prior
to the era of highly active anti-retroviral therapy (HAART) and classified patients into good-
or poor-risk groups based on tumor extent (T), immune system status (1) as measured by CD4
T-lymphocyte count, and evidence of HIV-1-associated systemic illness (S).(1,2) However
reassessment of this staging system in the HAART era has revealed that the immune system
is no longer a significant prognostic factor; thus, a refinement of the original ACTG staging
system was developed that does not take the CD4 count into consideration.(3) A slightly
different staging system has been proposed for transplant-related KS; there are three stages
consisting of local skin disease, widespread skin disease, and disseminated disease involving
viscera, lymph nodes and/or skin.(4) This staging system requires upper and lower
gastrointestinal endoscopy and computerized tomography of the chest and abdomen as
appropriate baseline imaging.

3. Imaging of the Skin and Mouth in KS

In general, when physicians consider imaging techniques, these techniques are thought of as
a means to obtain information about parts of the body that are not easily visible on physical
examination. However, in the case of KS, methodology to image skin lesions can be of
considerable utility in creating a record of the extent of disease, quantifying the extent of
disease, and obtaining physiologic information about such factors as blood flow or the state of
oxygenation. To these ends, specialized photography, ultrasound, and thermal imaging are
some of the techniques available.

3.1. Visible Light Photography

Clinicians treating patients with KS and conducting clinical trials of KS have for some time
employed conventional light photography to create an objective record of the extent of disease
at a specific timepoint that can facilitate later comparisons and create a record of the effects of
therapeutic approaches.(5) Recent innovations in photographic techniques, such as digital
imaging technology, have improved the ability to record images of skin and mucosal tissue in
the mouth and can enhance the information that is derived from naked-eye inspection. In fact,
visible light photography is probably the single most useful technique to image cutaneous and
oral KS.

The majority of patients with KS present with skin disease alone and patient assessment begins
with a thorough clinical examination that includes visual inspection of the skin and mucosa.
The number, location, size, color and character of each lesion is described unless extensive
skin disease (greater than 50 lesions) is present, in which case the lesions in a representative
area are documented. Serial photography can be useful for monitoring disease progress or
response to therapy. Whole body photographs should be taken, as well as photographs of
sectors of the body and lesions of interest, ideally using standardized technique. Staging
systems such as the ACTG system often call for several “marker” lesions to be followed during
therapy, and this can be facilitated by photographing the lesions in a standardized manner with
a small ruler placed near the lesions (Figure 1). Subsequent photography using the same
technique can create an objective record of tumor responses. A drawback of this technique,
however, is that it provides little information about tumor nodularity, which more frequently
responds to therapy than does lesion size. Also, KS lesions that have completely responded to
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therapy sometimes remain as hyperpigmented areas, presumably from hemosiderin deposits.
A skin biopsy can sometimes be useful in differentiating such hyperpigmented areas from
residual KS.

3.2. Ultrasound

The use of ultrasound for imaging skin was reported as early as 1979 when Alexander and
Miller reported the ability of ultrasound to determine skin thickness.(6) Significant
improvements in techniques have since been developed. Images of the skin can be displayed
in one-dimensional A mode (capable of measuring skin thickness), two-dimensional B mode
(produces a vertical cross-sectional image), or C mode (produces horizontal images of the
skin).(7) In comparison to ultrasound frequencies used to image abdominal organs, much
higher frequencies are required to generate images of sufficient resolution to identify the
various layers of the skin. In general, frequencies in the 20-25 mHz range are used, which
provide axial resolution of 50-80 um and a lateral resolution of 200-300 um. Ultrasongraphy
has been reported to be useful to delineate deep margins of lesions and assess tumor size in
response to therapy (8,9). However, while the technique has potential advantages, it is not
widely used by most researchers caring for patients with KS or conducting clinical trials in this
disease.

3.3. Infrared Thermal Imaging

KS is a highly vascular tumor characterized by a hyperproliferation of spindle cells that are
thought to be derived from vascular or other endothelial cells. The spindle cells form vascular
slits that are filled with blood. Given the vascular nature of KS, it is an excellent model to
investigate experimental techniques for assessing tumor vascularity and vascular changes in
response to treatment. One approach that has recently been investigated is thermal imaging.
Infrared thermal imaging has been used to study biological thermoregulatory abnormalities
that directly or indirectly influence skin temperature.(10) The thermal signatures consist of
both the superficial vascularity and deep tissue metabolic activity.(11) Thermal imaging uses
a digital infrared camera to map the temperature on a given body surface area. An image can
be created in which different shades of grey or different colors depict different temperatures.
Highly vascular lesions are usually warmer than surrounding tissue.

A clinical study assessing the role of infrared thermal imaging demonstrated that KS lesions
can be differentiated from surrounding uninvolved tissue by a temperature gradient; KS lesions
demonstrating a median of 1.1°C higher temperatures than the surrounding skin (Figure 1).
(12) In addition, this temperature gradient resolved in response to effective KS therapy, in
many cases before the lesions resolved by visual inspection or palpation. The utility of this
technique in monitoring trials of KS and other tumors in which angiogenesis is an important
feature is currently under study. As described elsewhere in this chapter, infrared thermal
imaging can complement other more experimental techniques such as laser Doppler imaging
(LDTI) and multi-spectral imaging to assess angiogenic features of KS lesions.

4. Imaging of Visceral and Lymphatic Disease in KS

4.1. Radiography

Conventional radiology can be used to visualize KS lesions, especially those in the lungs, and
it continues to play a role in the assessment of KS. However, computerized tomography (CT)
and magnetic resonance imaging (MRI) are generally more useful in the assessment of visceral
and lymphatic KS.

4.1.1. Conventional radiographs of the chest—While pulmonary involvement has been
reported in all KS subtypes, it occurs more commonly in endemic and AlIDS-related KS and
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is associated with a poor prognosis. (13-18) While antiretroviral therapy has improved KS
outcomes of all forms of KS, pulmonary KS should still be regarded as a serious disease
manifestation; one study documented a median survival of just 1.6 years for patients with
AIDS-related pulmonary disease even in the era of HAART.(19) Several chest radiograph
findings of pulmonary KS have been described, including reticulonodular infiltrates,
homogeneous infiltrates, pleural effusions and lymphadenopathy (Figure 2).(17,20) KS has a
tendency to proliferate in the interstitium, and the peribronchial and perivascular lymphatics
resulting in bilateral reticulonodular infiltrates with a predilection for the peri-hilar area and
lower lung fields. Autopsy confirmed KS in 14 of 16 patients presenting with pleural effusions.

The presence of co-morbidities such as infection, particularly in patients with AIDS-related
KS, may complicate the interpretation of imaging findings. While radiographic findings have
a high positive predictive value for the presence of pulmonary KS, they are not specific and
their presence does not reduce the likelihood of co-existent infection or other disease processes.
In practice, pulmonary radiographs are perhaps most useful in excluding pulmonary KS
involvement or providing a tool to follow the disease progress.

4.1.2. Skeletal survey—KS involvement of bone and skeletal muscle is infrequently
reported. A recent review identified only 66 published cases, the majority occurring in endemic
and AIDS-related subtypes.(21) Several reports suggest that patients may present with
asymptomatic osseous lesions, without skin or visceral disease. (22) However, in general most
cases are associated with locally aggressive, chronic disease that penetrates underlying bone.
The relative degree of pain does not appear to correlate with radiological appearances, as often
extensive osteolysis may result in minimal symptoms. Bones involved may include skull, hard
palate, mandible, vertebra, sternum, rib cage, long bones, and the small bones of hands and
feet.(21,23,24) The majority of lesions are osteolytic in nature, with or without an associated
periosteal reaction, but sclerotic appearances have also been reported (Figure 3).(25)

If patients with known KS have bony lesions, the physician must then assess whether the lesions
are in fact due to the KS or to other causes. The differential diagnosis of osseous lesions is
vast, but may be broadly classified into infectious and neoplastic causes. Bartonella infection
causing bacillary angiomatosis, Mycobacterium tuberculosis, M. avium-intracellulare,
Nocardia asteroides, and Neisseria gonorrhoea are a selection of the most frequently cultured
organisms. In patients with HIV-associated KS, physicians must be particularly alert for the
possibility of Mycobacterium infections. With regard to neoplastic causes, primary bone
lymphoma, angiosarcoma, hemangioendothelioma, and spindle cell pseudotumors may appear
similar to KS on radiographs.

4.1.3. Computerized tomography (CT)—After chest plain radiograph, CT of the thorax
is the imaging modality of choice for assessment of pulmonary KS. The superiority of CT to
conventional radiographs of the chest has been demonstrated by a number of studies. (17,26,
27) Significant variation in the type and frequency of radiographic abnormalities has been
reported, many of which may be non-specific. However, typical appearances includes nodules
(76%), bronchovascular infiltrates (66%), tumoral masses (53%), pleural effusions (55%), and
lymphadenopathy (43%) (Figure 4).(20,28) Although none of these findings are specific, the
combination of poorly defined nodules, fissural nodularity, and a bronchovascular distribution
of perihilar opacities on CT is highly suggestive of pulmonary KS.(29) Lytic lesions of the
sternum and thoracic spine and soft tissue masses are also well-recognized findings.(30) The
role of CT is to document findings that are characteristic of KS and where appropriate, to
facilitate definitive diagnostic procedures such as fiberoptic bronchoscopy, thoracoscopy or
even open lung biopsy.
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Classic KS generally has minimal if any abdominal involvement identified by CT.(31) In
patients with AIDS-KS, KS involvement of the liver can occur and can be detected using
contrast imaging. In spite of this, extensive contrast imaging studies are not routinely performed
unless there is a particular suspicion of hepatic neoplasm. (32) Generally KS lesions tend to
be multifocal, originating in the capsular, hilar and portal areas. Non-contrast CT scans may
identify multiple hypoattenuated nodules. However due to the vascular nature of KS, delayed
imaging (4—7 minutes) post contrast injection results in lesion enhancement or increased
attenuation compared to surrounding parenchyma. (33) Splenomegaly or discrete splenic
lesions may be seen occasionally, as can involvement of the peri-intestinal tissue (Figure 5).
(31) Hyperattenuating lymphadenopathy may be seen with CT in approximately 80% of cases
of disseminated KS (Figure 6).(34)

More recently the CT imaging findings in two patients with transplant-related KS have been
described, both cases involved KS in the transplanted organ.(35,36) These cases highlight the
importance of including KS in the differential diagnosis of enhancing lesions of the kidney or
urinary tract, especially in settings where KS may be epidemiologically more likely.

4.2. Magnetic Resonance Imaging (MRI)

Transition from plain radiography to CT demonstrates a significant improvement in the quality
of available imaging but also exposes patients to increased radiation. The development of MRI
has provided a technique to ascertain soft-tissue lesions without radiation exposure. MRI
provides excellent spatial resolution, however with better contrast resolution than computed
tomography. In spite of the significant strides established with MRI, however, it has not yet
become a standard imaging process for KS.

A prospective study of thoracic MRI identified a pattern of MRI signal abnormalities that are
suggestive of pulmonary KS, namely irregular increased signal intensity in T1 weighted images
with markedly reduced signal intensity on T2-weighted images and significant enhancement
of KS lesion after gadolinium administration.(37) MRI has also been useful for detecting of
both cardiac and bone involvement, with higher sensitivities than other imaging techniques.
(38,39)

4.3. 18F-Fluorodeoxyglucose (FDG)-Positron Emission Tomography (PET)

PET is an imaging technique most frequently that utilizes the radionuclide 18F-
fluorodeoxyglucose (FDG), which is a glucose analog. Like glucose, FDG is transported into
cells via the glucose channels and its uptake is increased in metabolically active malignant
lesions.(40) FDG is known to accumulate avidly in certain malignancies and its role of PET
in KS is currently being defined.(41) Published data consist of three case reports with
conflicting findings. Two reports documented low FDG avidity with pulmonary and lymph
node KS and suggested that PET may have a role differentiating HIV associated KS from other
neoplastic processes.(42,43) By contrast, a third report documented markedly increased FDG
uptake in a patient with transplant-associated pulmonary KS.(44) Prospective and more
extensive studies of this modality will be required in order to sort out the patterns found with
KS and to determine what role if any it has in general clinical practice.

4.4, ¥MTc-Tetrofosmin Scintigraphy

99mTc-Tetrofosmin is a cationic lipophilic radiotracer with tumor-seeking properties that is
rapidly cleared from the lungs and liver, permitting early high quality images.(45) It has been
employed in lung cancer patients in detecting primary and metastatic disease, in addition to
determining response to therapy. (46-48) Spanu et al, investigated the benefit of 9MTc-
Tetrofosmin in detecting both cutaneous and extra-cutaneous tumors. This study included
planer, single photon emission computerized tomography (SPECT) and neck pinhole(P)-
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SPECT in selected patients with KS (classic KS, AIDS-KS, and transplantation-associated
KS). With regard to the KS patients studied, 9°™Tc-Tetrofosmin uptake was observed in 88%
of patients with clinically evident lesions. Scintigraphy, particularly SPECT, gave additional
information regarding depth of invasion and identified subclinical lesions. It was less sensitive
in the detection of small, isolated and scattered lesions. A small patient number limits
interpretation of the data somewnhat, but the sensitivity and specificity of SPECT 9™Tc-
Tetrofosmin was 82.6% and 100% respectively. Planer 99MTc-Tetrofosmin imaging showed a
sensitivity of 69.6% and a specificity of 100%.

There is some evidence that the utility of %MTc-Tetrofosmin scintigraphy is increased when
it is combined with other imaging modalities. For example, in combination with ultrasound, it
seems to reliably indentify KS lymph node involvement and differentiate such nodes from
reactive hyperplastic nodes. In combination with ’Ga-citrate scintigraphy it may differentiate
between KS and lymphomatous involvement.(49) Other radioisotopes have also been reported
to be of benefit in detecting KS lesions such as 2°™Tc-pertechnetate, 201 TI-chloride, 11In-
DTPA-labeled pegylated liposomes, 99MTc-MIBI, 111In-DTPA octreotide and 18F
fluorodeoxyglucose.(42,50-54)

5. Novel Techniques

In the past several years, a number of new techniques have been explored for possible utility
in KS. Some of these provide physiologic information about angiogenic features of KS lesions
in addition to anatomical data.

5.1. Laser Doppler Imaging (LDI)

LDI utilizes a low-power laser beam to measure the doppler shift due to blood flow patterns
in skin up to a depth of Imm.(55) When monochromatic light from the laser interacts with a
moving object, such as a red blood cell, a change in the frequency of the scattered light is
induced in comparison to the light backscattered from background non-moving tissue. A
photodetector is used to measure the degree of tissue perfusion which is expressed in arbitrary
units termed “flux” values.

Angiogenesis results in increased blood flow that can be assessed by LDI.(56,57) Flux values
identified by LDI are generally higher in KS lesions than normal surrounding skin (Figure 1).
(58) One study that assessed a series of cutaneous KS lesions using both LDI and infrared
thermal imaging showed a strong correlation between these two techniques, suggesting that
either can be used to detect functional vascular abnormalities in KS lesions.(12) However a
combination of the two imaging techniques may be superior to either one alone, as they assess
different physical properties and also gather information from different depths, with infrared
thermal imaging being influenced by deeper vessels than LDI.

5.1.1. Multi-Spectral Imaging—Multispectral imaging is currently being explored as an
experimental technique to gather information about cutaneous KS lesions. Spectral imaging
collects reflectance images at several different wavelengths. In the case of KS, near-infrared
wavelengths (700-1000 nm) are utilized because the absorptions of oxy- and/or deoxy-
hemoglobin are relatively high compared to water and lipids at those wavelengths. Based on
relative absorbencies, one can estimate the oxygenation of blood, estimate the total blood
volume, and provide a spatial map of blood volume and oxygenated-hemoglobin in tissue.
However interpretation of the data is complicated by certain confounders such as the effect of
light scattering, the amount of melanin in the skin, and hemoglobin breakdown products. In a
research setting this imaging system has been utilized to differentiate between malignant and
benign skin lesions.(59) Studies of its use in KS showed that it could provide information on
the status of the lesions as well as their response to therapy.(60,61) However, the optimal

J HIV Ther. Author manuscript; available in PMC 2009 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

O’Mahony et al.

Page 7

algorithms to correct for the confounding factors noted above in assessing blood volume and
status of oxygenation have not yet been established.

5.1.2. 2'-deoxy-2'flouro-5iodo-1-beta-D-arabinofuransyluracil (FIAU)—Kaposi’s
sarcoma-associated herpesvirus (KSHV), the causative agent for KS, encodes kinases that
phosphorylate certain nucleoside analogs such as 2’-deoxy-2'flouro-5iodo-1-beta-D-
arabinofuransyluracil (FIAU). This knowledge has been harnessed to investigate the possibility
of using the viral enzyme to specifically concentrate 1251 -FIAU or 131|-FIAU in KSHV
associated tumor cells harboring virus to both image and deliver therapeutic radiation.(62,63)
Using a KSHV-infected primary effusion lymphoma (PEL) tumor cell line (BCBL1), cell
uptake assays with 14C-FIAU and ex vivo bio-distribution studies with 1251 -FIAU showed that
uptake and retention of 1251 -FIAU is highly specific for KSHV-infected cells when the virus
is in a lytic phase. Bortezomib, a potent stimulator of KSHV lytic genes including a viral-
encoded kinase, was found to induce selective concentration of radiolabeled FIAU. Thus, it
may provide a simple means to localize KSHV-associated malignancies and may be found to
have utility in the clinical setting after additional research is conducted.

5.1.3. Imaging probes targeting matrix metalloproteinases—Matrix
metalloproteinases (MMP) are a group of enzymes responsible for extracellular membrane
(ECM) and basement membrane (BM) proteolysis, and thus are the most relevant group of
proteinases for tumor invasion.(64) The accessibility of MMPs in the ECM or on the cell wall
and the relative over-production in cancer compared to the normal surrounding tissues, make
MMPs an attractive target for in vivo imaging. MMPs are regulated by a number of endogenous
inhibitors that prevent matrix degradation; the most specific of these are tissue inhibitors of
metalloproteinases (TIMPS). To date, the only imaging probe to reach clinical investigation
is 111In-DTPA-N-TIMP-2. Unfortunately the tracer distributed predominantly to the kidneys
and did not localize in other tissues.(65) Suggested explanations for lack of efficacy included
possible down-regulation of MMP activity in response to prior therapy or perhaps interference
of anti-HIV protease inhibitors.

6. Summary

As described in this chapter, a variety of imaging techniques are useful in the clinical
assessment of KS or in the conduct of clinical trials involving this tumor, and several additional
imaging techniques are now under development. Because KS is a multifocal disease and lesions
are often irregular or confluent, a major challenge in the conduct of clinical trials is the
documentation of the extent of disease and changes with therapy. Visible light photography,
especially if done with a standard methodology, can be extremely valuable for this purpose.
Other available techniques that can have utility in the assessment of visceral disease include
radiography, computerized tomography, and MRI. A number of other techniques are now under
study that may have better specificity for KS lesions, provide assessments of tumor depth, or
may provide information about the physiologic characteristics of the lesions such as
temperature or blood flow. It is possible that as these are further developed and standardized,
they will become part of the armamentarium of the practicing physician facing patients with
this disease.
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Figure 1.

Typical example of light photography, thermal imaging, and laser Doppler imaging of a KS
lesion prior to therapy and after therapy. As can be seen, the thermal and laser Doppler images
normalized after treatment, while the lesion was still evident by light photography. Reproduced
with permission from Hassan et al., Technology in Cancer Research and Treatment, 3 (5),
451-7, 2004.
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Figure 2.
Chest radiograph demonstrating typical bilateral reticulonodular infiltrates of KS confirmed

by biopsy
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Figure 3.
MRI of the ankle demonstrating abnormal enhancement of calcaneus, talus and navicular
bones, with an enhancing fluid collection anterior to the ankle mortis due to KS.
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Figure 4.
Chest CT with characteristic KS peri-hilar bronchovascular infiltrates.

J HIV Ther. Author manuscript; available in PMC 2009 September 1.

Page 14



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

O’Mahony et al.

Page 15

L

Figure 5.
CT of the abdomen showing an inflammatory matted mass from extensive gastrointestinal
involvement with KS.
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Figure 6.
CT of the pelvis showing femoral lymphadenopathy with an enhanced pattern from KS
involvement.
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